We report a preliminary result from a search for Randall-Sundrum gravitons decaying to dielectron and diphoton final states in 1 fb −1 of data collected by the DØ detector at Fermilab. The RandallSundrum model has two parameters that can be expressed in terms of the mass of the first excited graviton mode M1 and the dimensionless coupling to standard model fields k √ 8π/M P lanck . We do not find any excess over standard model expectations and exclude M1 < 865(240) GeV at 95% confidence level for k √ 8π/M P lanck = 0.1(0.01).
I. INTRODUCTION
Models postulating the existence of extra spatial dimensions have been proposed to solve the hierarchy problem posed by the large difference between the Planck scale M P lanck ≈ 10
16 TeV, at which gravity is expected to become strong, and the scale of electroweak symmetry breaking, ≈ 1 TeV.
One such model by Randall and Sundrum [1] localizes gravity on a (3+1)-dimensional brane, the Planck brane, that is separated from the standard model brane in a 5 th dimension with warped metric. In the simplest version of this model gravitons are the only particles that can propagate in the extra dimension. Due to the warped metric their wave functions are exponentially suppressed away from the Planck brane and thus gravity appears weak at the standard model brane. The gravitons appear as towers of Kaluza-Klein excitations with masses and widths determined by the parameters of the model. These parameters can be expressed in terms of the mass of the first excited mode of the graviton, M 1 and the dimensionless coupling to the standard model fields k √ 8π/M P lanck . The coupling is constrained to lie between about 0.01 and 0.1 by the requirements that predictions be consistent with precision electroweak data and that the model remains perturbative.
If it is light enough, the first excited graviton mode could be resonantly produced at the Tevatron. It is expected to decay to fermion-antifermion and to diboson pairs. Due to the graviton having spin 2 the branching fraction to diphoton final states is expected to be twice that to e + e − final states. This analysis uses about 1 fb −1 of data taken by the DØ detector at the Fermilab Tevatron between October 2002 and February 2006. The Tevatron collides protons and antiprotons at a center of mass energy of 1.96 TeV. This increases the amount of integrated luminosity analyzed by a factor of four over the previous search in this channel by DØ [2] .
II. EVENT SELECTION
The DØ detector is a typical multipurpose collider detector, that consists of central tracking, calorimeter, and muon detection systems [3] [4] .
We select events that have two isolated clusters of energy depositions in the central electromagnetic calorimeter (|η| < 1.1) with transverse momentum p T > 25 GeV. We require that the energy deposition patterns are consistent with electromagnetic showers. In order to accept both γγ and ee decay channels no track match was required for the objects. We find 50354 such events with an invariant mass of the two electromagntic showers above 50 GeV.
These events were acquired using triggers requiring one or two electromagnetic objects. Sufficiently far above their p T thresholds these triggers are close to 100% efficient for electrons and photons that pass our selection cuts.
We use Monte Carlo to calculate the acceptance of our detector for events with e + e − and γγ final states. We measure the efficiency for electrons to pass isolation and energy profile cuts to be 93% using collider data from Z → ee and 96% determined from Z → ee Monte Carlo. For the graviton signal efficiency we use the efficiency from the Monte Carlo, corrected for the ratio of efficiencies from data and Monte Carlo for electrons.
III. BACKGROUND ESTIMATION
We distinguish between physics backgrounds with genuine e + e − and γγ final states and instrumental backgrounds in which one or both of the electromagnetic objects are misidentified.
The sources of physics backgrounds are Drell-Yan production of e + e − and direct γγ production. We estimate these contributions using a Monte Carlo simulation. We use PYTHIA[5] to generate the events and the standard DØ detector simulation using GEANT3 [6] . In order to predict the shape of the invariant mass spectrum from the physics backgrounds we combine the spectra from DY and γγ MC samples according to their cross sections multiplied with the respective acceptance×efficiency for e + e − and γγ final states. We estimate instrumental backgrounds from a collider data sample containing two electromagnetic objects selected to be inconsistent with electromagnetic showers. These data provide us with an estimate of the shape of the invariant mass spectrum of events with misidentified electrons and photons. In order to determine the number of instrumental background events, we fit the invariant mass spectrum observed in collider data around the Z peak in the interval 60 < m(ee) < 140 GeV with a superposition of the physics background shape and the instrumental background shape to determine the relative contributions from the two sources. Figure 1 shows the invariant mass spectra for data and the fitted background composition superimposed.
We predict the shape of the expected invariant mass spectrum above 140 GeV using the background estimates and compare to collider data. Figure 2 shows the full mass spectra for data, the total background and the instrumental background contributions. 
IV. LIMIT CALCULATION
We extract the integrated luminosity of our data sample from the scale factor for the DY spectrum determined in section III. We take the LO cross section for DY and diphoton production and a mass independent k-factor of 1.34 [7] to determine an integrated luminosity of 1.1 fb −1 . We test for the presence of a graviton decay signal using a sliding mass window that was chosen to optimize sensitivity to a range of hypothesized values of graviton masses. Table I summarizes the systematic uncertainties. Mass windows and systematic uncertainties were taken from the published analysis of a smaller data set [2] .
We use a Bayesian approach [8] with a flat prior to calculate an upper limit on the cross section σ(pp → G + X) times branching fraction B(G → e + e − ). Systematic uncertainties on input parameters are represented by Gaussian priors for these parameters.
Since we accept e + e − and γγ final states we multiply our integrated luminosity by a factor three. The results of the limit calculation using a confidence level of 95% are listed in Table II . Figure 3 shows the 95% confidence level upper limit on σ(pp → G + X) × B(G → e + e − ) versus the graviton mass compared to the theoretical prediction for cross section times branching fraction for several values of the coupling parameter. Here we use the LO cross section obtained with PYTHIA[5], multiplied by a k-factor of 1.34 [7] . To obtain predictions for different source uncertainty signal mass dependence of efficiency 5% acceptance calculation 5% difference between photon and electron efficiency 5% Z cross section 4% total signal uncertainty 9% background K factor mass dependence 5% efficiency determination 7% parton distribution functions 5% total background uncertainty 10% coupling parameters we scale the cross section by (κ √ 8π/M P l ) −2 . Based on 1.1 fb −1 of data, we can thus exclude masses for the first excited graviton mode below 865 GeV at 95% confidence level for κ √ 8π/M P l = 0.1 and below 240 GeV for κ √ 8π/M P l = 0.01. Figure 4 shows the upper limit on the coupling parameter κ √ 8π/M P l as a function of graviton mass M 1 .
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